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Introduction
The coherent appearance of scattering and particle transfer can occur in heavy ion reactions when.the two colliding nuclei differ by only one o\ a few nucleons, leading to strong interferential oscillations " in the angular distributions. A large number of experiments dealing with this process in the elastic channel 1 ) have been successfully interpreted using the method of linear combination of nuclear orbits (LCNO) 2 ) or a coherent addition of the optical model amplitude for elastic scattering and the DWBA transfer amplitude 3 ). More recently, evidence for particle trarisfer contributions to inelastic scattering has been found 4 ' 5 ) . If collective states are populated in the exchange process, the inelastic coupling between ground and excited states and thus, the indirect transfer mechanisms 6 ) can generally not be neglected, and a coupled channel approach is appropriate. We present such a calculation in the-no-recoil . . f h . 180 (160 160) 180 ( 2+) t approx1mat1on or t e react1on , g.s., a ELab = 24, 28, and 32' MeV. Two-neutron transfer can contribute coherently to elastic and inelastic scattering. We compare with the experimental elastic 7 ) and inelastic 8 ) data as well as with previous LCNO 7 ) and DWBA 9 ) calculations for the elastic channel, and determine the importance of indirect transfer contributions.
Review of previous analyses
For the 16 reaction at similar energies. These authors employ the molecular symmetry axis as a reference frame. Therefore, they have to neglect completely the recoil effects as well as the scaling factor that enters the argument of the wave functions in the usual no-recoil limit. We formulate the coupled equations including recoil, although we perform the calculations in the no-recoil limit. In addition, we use two-particle wave functions rather than a cluster description for the calculation of the transfer form factors. so tha,t the core of B is identical to A, and the mass of X small compared to the mass of A. For simplicity, we assume A to have spin zero.
Because of the identity of the cores, the transfer of particle(s) X leads into the same elastic and inelastic channels as the ordinary (direct) scattering, and therefore the two processes interfere. Indirect transfer modes such as inelastic excitation and subsequent -4- transfer (or vice versa), considerably enhance the number of interfering amplitudes. The coordinate system relevant to our calculations is given in fig. 1 . We formulate the coupled equations in the source term method 12 ) for the wave functions depending on the radial coordinates R 1 and R 2 , 1nterest are (6) with
Here and in the following, ·the quantum numbers n,I,M are omitted. The right hand side of the coupled equations represents the feeding of channel b by inelastic processe.s from channels b', V is the effective interaction 13 ) within the truncated space considered. The parametrization of the offdiagonal matrix elements of V in the collective model is given in section 3.2; The diagonal matrix elements (7) are parametrized by an optical potential U(~), which is assumed to be channel independent. It differs from the optical potential used to describe elastic scattering because of the explicit consideration of the inelastic coupling.
We solve the coupled equations with the boundary conditions that outgoing (0) and incoming (I) waves 12 ) are present in the elastic chan-
), but only outgoing waves in any inelastic (b 1-b 0 ) channel. The S-matrices S~~ are obtained from the requirement: 
14)
same nuc ear states popu at as 1n t e or 1nary scattering, are (9) The source term on the right describes the transfer processes from initial channels b' to final channels b (10) where all coordinates except_R 2 are integrated. Because of the introduction of the source term in the final partition only, the transfer.
processes are treated to first order. The inelastic coupling, however, is treated to all orders in the effective interaction. Whereas the solution of eq. (9) with eq. (10) implies the correct treatment of recoil terms, we restrict to the "no recoil" approximation to perform the numerical calculation. In the exact expressions
the terms of order X /(A+X) are neglected, to obtain
For X <<A, the source tenn then reads
If the scaling factor a were absent from the argument of the wave function, ~· could be replaced by wb, to obtain a solution of eq. (9) that includes the transfer coupling to all orders-. In that case, and with the replacement ,.
,.
~,(R,r To obtain .the transfer amplitudes, the equations (9) All amplitudes leading to the same final state interfere with each other.
The transfer amplitudes, however, have to be evaluated at the correct center-of-mass angle (n-8), where particle A would be detected after a transfer process, rather than at e. Because of the symmetry property
of the spherical harmonics involved in the calculation of the reaction amplitudes, a total S-matrix can be defined as s ~sse + (-)~ ~tr bb 0 bb 0 -bb 0 (14) where the + s'ign arises ·from the symmetry of the spin zero (boson) cores, and the total cross section for elastic and inelastic scattering with the inclusion of particle transfer can immediately be calculated transfer form factors shows ) that it has a small effect only for core distances less than six fermi and is therefore completely negligible if strongly absorbing potentials are used.
In the subspace we are considering, three form factors F}rCR) enter • the calculation of the source terms, namely for the transitions with the data. This is due to the introduction of an effective binding energy for the computation of the single particle states, which is different from the experimental separation energy, causing an enhancement of the transfer form factor tail. In this calculation, the inclusion of linear recoil terms was shown to enhance the transfer cross section by about a factor of two above the no-recoil result.
In addition to the overall normalization, the ratio of quadrupole to monopole transfer form factors calculated from the wave functions given in table 1 is slightly enhanced by a factor of 1.3, to give a better account for the observed relative magnitude of inelastic and elastic cross sections at backward angles. This is well within the uncertainties of the wave functions, which also do not reproduce the electromagnetic transition rates correctly. We emphasize, however, that these two adjustments are common to all of the calculations with particle transfer, so that the results shown in figs. 3-5 are obtained with the same set of input parameters, only the energy being different.
In contrast, the DWBA calculations for the elastic channel reported in refs. addition to the scattering,particle transfer {T) plus indirect 7 8 particle transfer (I) are included. The data are from refs. ').
Oscillations in both elastic and inelastic channel are identified as being due to the interference of scattering and transfer.
Here and in all subsequent calculations, the transfer amplitudes are normalized by a common factor of 6. 3. Potential "Z" (see section 3.2), is used. The center-of-mass energy is 12.71 MeV. Error bars on the inelastic data show statistical errors only. MeV. Error bars not shown. u J 
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